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e < SUMMARY . ot

: PR’E’DELEMl The dgvelopment of concepts -and. algorithms for simulating for training,

the performance characteristics of both Thermal Imagery Systems (T1S) and Low Light

| ) Level Television Systems (LLLTYV) 18 critical to current and fu{ure simulator acquisis;

APFRC)ACH The apprcach ernployed by AI‘HRL consisted of the de@lopment ofa.
;‘-;system with an optimum combination of flexibility w1tl'1 rapidity of simulation"update to
-permit a wide varjety of techniques to be investigated under 'both static and dynamic
_conditions. The system was designed to permit control oyer key simulation param% .

- The capability of the AFHRL Simulation and Training Advanced Research System.

‘the uge of Digital Equipment Corporation (DEC) minicomputers together with special

C()NLLU}:IDNS The System as dé\:eloped unclcr thxs effort has riemonstrated usability

tion programs, The development of this technology will rely on Camputer Image Gen-

eratian (CIG) with emphasis upon data base characteristlcs and algorithms incorpor-

- ated as part of systgm processing. The develapment and vahdation of this, technology

" must be accampliéhed under static as well as dynamxc vonditions typlcal of that 1m—
}-posed upcxn a real time full mlEElOl’l weapon system simulator. :

eters and enabla flexibility. with respect to both data base and algorithm development.
(STARS) was incorporated to the maximum extent and was further augmented through

purpose hardware to provide the speed with minimal compromise of flexibility, The
special purpaée hardware performed otherwise time-cohsuming functions of edge
smoothmg. transfer function generation and sensor noise. However, the hardware.
was designed to permlt control over degree of Smoothmg, type of transfer function,

and percent nolj through software. A coré memory was provided with sufficient size
to-hold'a full frame of video information, * An Ampex video disk and tape unit were pro-

_ Vided so that individual frames could be accumulated on the disk and transferred to -

tape to pe.rrmt dynamic sequences to be recorded for Subsequent playback in real time,
A data base was provided which included about 2500 square miles in the vicinity of

'-Las Vegas. Both culture and terrain data as stored in Defense Mapping Agency (DMA)
‘source data were included in the data base. In addition to this, ten special target areas,

which included runway, power pl_zint,_ and power lines were provided to supplement DMA
source data,; - ' - - ' ‘

[
L]

' ,,I’V{E$ULTSA ‘The system was- tested by g&neratmg both- Static and dynarmc sequenc&s

over many portions of the data base. Dynamic sequences of three-minute duration
were generated with no pLI‘CEptlhlE SCEHE discontinuities during the transition from
c;llsk to tape. .Update rates for mdwldudl,tzam;s covered from 10 to 30 seconds per
frame, depgnding upon number of edges contained in the scene and degree of smoothing

employed. - Scenes were successfully gener rated employing many C.Ol‘ﬂbll‘hlt)JnE of edg’e .

smoothing, transfcr function and noise, ', ~ . .

(] =

as a resear;h tle for contePtual and algorithm developmcnt J.ppll(;’lhle to FIb and

tos



new concept ‘develcpments employing non-linear techniques. .

%

LLLTV simulation for training. 'I'hie flexibility afforded through use of software

‘emulation and variety of both terrain and culture which can be stored, processed and

displayed should ;ﬁimvi\_t:le’-a‘véry versatile and cost-cifective tool for research purposes.
It is anticipated that system capability will enable its use to support development ac-

tivities in the aréa of texturc synthesis for improving cukrent technology as well as

&

|
ot " ey
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1.0 INTRDDUCTIDN o : -

The development of airburmz infrared nml lmw Hght level talgvlﬂign systuma has pro-
gredsed to.the extent that these systems age currently in uso in the B-52 weapon sys-
tem; Furthermore, these sensor systems arc likely to be uacd in futuro wcapnn
syitems v

'There is at present no efficient and cost-cffective capabllity for training crews who
m'ugt understand and operate these scnsor systems. Such training must be based upon

a kno /ledge af the capdbility inhérent in prosent technology for ﬂatis[ying, this require= |
Tent ind any subsequent dcvclopmént which may be ruquircd ' :

L
%

As a r’ésult the Air Force Human Resources Lﬂlmratory (AI'HRL) conducted explor=
atory programs wh;ch gained insight into the erfm mance charatteristjcs of these
gensgor systems andscstablished potential suitability of computm image generation tech-
noldgy for satisfying the performance criteria imposcd upon the hardware sm\uldtmn
system, These programs included cultural features only and were limited to qtlltig
situations from the standpoint of the simulation and the output scenarivs. (!enu_a,l .

. Eldetric supported this. exploratory effort under Contracts I33615-74-5161

and ['33615-75-C-5243,

AS a next step, AFHRL initiated an advanced development program to expand simula-
tioh capability to pérmit generation of a dynamic simulation. The goal wis the devel-
opment of a system tn which simulated flight mancuvers could be conducted over a
limited gaming area containing natural terrain and cultural features while rLcDI‘dmg
the output scenarios during this simulation. Time between updates was to be mini-
mized so that necordings could be made in nonreal time with playback in real time,

In this mannér-data base infopmation and algorithms could be evaluated under dynamic
simulation conditions reptéesentative of real-time systems,

3

A system consistent with cost, maintainability, flexibility, and Measibility, The study
programs were to result’in a complete definition of all general purpose and special
purpose hardwage required together with requirements for software programs to
-effect the simulation., The study was to definitize the he ardware and associated inter-
face required between he udw e cumpon;nta :md for inte gration into the existing

AF HRL f'].LllltlL s.

ttudy program was initiated to determine on a competitive basis the best design for

1

ThL study progr ram qu COl’ﬂplL‘[L‘(l and the (
perform the follow-on effort, This follow-on effort }O\L- the fabrication and’imple-

mdntation of the system defined by General Electric under Contract IF33615-75-C-5287,
This previaus work wds‘\ also under the direction of Mr, William 1., Foley of the 5im-
ulation Techniques Branch of the Air Im‘u: Human I{L sources Iillmmtur at Wr 1ght-

Pattu‘sml Ailr Force Base,

General Eleetrice © mnpmy was selected to



The effort performed under Contract F33615-76-R-0059 and des&&lbed in this report,
encompassed the design, fabrication, and implementation of the sansor simulation
system selected by AFHRL from the part one study phase. The system implementa-~
tidn included the installation, checkout, and integration of the (}nneral Electric designec
-8ystem into the Simulation and Tralning Advance livsmrc‘h Systbm (5’ FA{IB) simulation
facllity Pt AI“HRL._ , . o

LN,

The tasks parfﬁrmul included Lh(? purchase of gcneml nurpuse ccpmputatlunal dnd video
recording equipment, fabrication of special purpose hardware, and the adaptation/
developmenit of software to-provide thiftgnagr simulation programs that are compatible
with the hardware wnﬂgumtlun Thetotnl system i8 eapable of a;x’!mtmﬁ in a dynamic
mode, I, a , the time intervals hetween successive scenarios are sufficiently short so .
that playback of successively recorded scenes can be accomplished at real-time rates,
“I'he simulation Includes a data base which permits simulated flight profiles in any de-
sired direction over the gaming area. The total effort’included data Base pmpuratiun
from. Defense Mapping), Agency (l)MA) source data and a simulation progriun 1o extract
data, cstablish prioritles, per form data transformation, insdort th‘u effect of ntmos -
phu‘v, and transfer charnctéristics of sensor system and prepare video for recording
and d,i’splay. The equlpmunt fnvolvad is interfaced so that data may be transferred bhe-
tween general purpose and special purpose hardware and video recording and disglay
hardware. The total system is configured to enable maximal use of general purp 8
: Lomput.ltional equipment consistent with gystem flexibility’ and rapid simulation updi

The b.lﬁit; .lppr‘o;u;h uged in this program was developed during the Airborne hlcctrn=
Optical bLnﬁc}r' Simulation (AFOSS) design definition phase (Contract F33615-75 -C- H2Z8T)
and documhented in the final report for that program phase, While mmlmt.umng to the
iné}ially defined 1ppmich were made, by incorporating optional capabilities to better

et overall program objectives, the basic approach is still directly patterned after
the hardware or ganization employed by General Eleetrie in the design.of real-time
Computer Image Generation (CIG) aystems. ‘Thig is an important feature of the system,
in that it pnsures that all algorithms and technigues umpluy;d can be implemented in
practical|real- time systems. ‘This important feature was also rvetained in the earlier
all HthW'{rE simulation model developed under Contract F33615-71-5161 hy General

-ngctrm

Thus, the¢ primary thrust of this L“i’lr’t\Wl"i to reduce the per scens prm‘quuu,, Umu
Lxhihlted by the, carlier all softwarc.model to the minimum leve] consistent with re-
taining the major flexibility dmxlutu istics of the software model. The method em==
ployed involved a threefold approach, special hardware logic modules were designed
to perform thosce computiational tunctions that are most time-consuming on general
purpmefnomputu;s and whege flexibility could be retained with a hardware implemen-
tatiorr, The computational capacity of the STARS Sigma H was augmented by adding
two PDP 11/45 computers to the facility and allocating general purpose computational
functions among the three machines. At the same time; many algorithms were modi-
ficd and/or reprogr .umnml to achicve more efficient execution on llu respective

machines.

2 I,

"



3.0 TECHNICAL DESCRIPTION . | B
2.1 IMPLEMENTATIDN OVERVIEW . S

In gdd;e!umg the implementation of this sénsor aimul prngram it s cc)nvsnlsnt
to consider the program’ in two major parta, One part 1! tha simulation model {tself,
i.e., the cogrbination of hardware and software which, given any, environment tefini~,
tion (data se) and assigned procosming parameters, will produce a videotaped se-

quence Va lclly sirhulating the desired Bensor ayatom (llsplay for the apecified flight -

r

‘?path atmosapheric and i{llumination el‘fects syatem paramaters, eto, ,The second
'pﬂrt of the total effort 18 tho environment definition or data base prﬂvldsd with the

system, lncludlng the developmont of the software for automatic tranaforquation of
DMA data to a terrain model sultable for processing hy the sensor Blmulatmn Bystem.

2.2 smscnslmmmnmmmnAm ' «. \

¥,

area dntn basa dgrlvad fmm I)nfnﬁﬁn anplng Agungy Aeroﬂpam Centor (I)MAA( )
gource data and augmented with special targets of Intorest, In addition to the data

f(baae delivered with the syatem, apeclal sofltware data base. transformation routines
were developed for axecution on the Sigma 6 computor, These routlnas accept DMAAC

source data tapes and create mld;tlnnul data bases for the sensor slmulatlnn syatom.

2.2.1 DELIVERED DATA lm."xl —The gﬂmlqr:g aren Hts]th.ml for tho lnltial data base
I8 a one-degreo latitade by ono-deygree longitudo area which inclides tho clty of L.as
Vogas ; N{wudn and the Hurmmn}lng countryslde ;ulm;uily to the North, East,’ 1ihd West
of Las Vegas, o S8
The terrain modol 18 a Yreal world” maodel consdiating of t-rmm;limmly varying terraln
over the entire gaming nreq. Thig terrain model wna derived nntiruly from lavel 1
DMAAC digital dourco datq for the area, In addition, all level 1 and level 2 DMAAC
culturul (planlimetric) foatures ave mcludutl in the data base as defined inc thu digltal’
gource diata, A :
Additional (‘U“ll!ill foaturos wore added to the DAMA source data to |uuvhlu moroe de- =
talled features for meeting researeh/evaluntion objoctives of the [u*ngug?n Thesg
foatures do not appear 1o the DMA sourco data, or do not appear with HUT“( lvnt dotail !
to pormit level of detall and rolatéd modol Lh.l[‘d(t(‘-[lﬁtl(ﬁ ceviluatfons, Detailed feas
tures added Include: (1) an aivport complex; (2) an ofl storage ared: () a large fac-
tm‘y uumplux. (4) a power plant: (5) a farming aren; (6) a port city; and] (7) more {
(lntﬂlmi pu\v('r polea, lui(l,,,v ,ote, . : o

£ o ) . oot s M : ’ \ ,
Thls data hﬁsg is Etrmslured to allow for displiy of different levels of detail d()wnﬁg
doors and wlnéﬂ?\fﬁ for cultural objects, "The data bage can also he mml!flisil/lxifltlzltu'(l
under sufthlrts:;;‘igétg(;!_ i _,) L R ; \

' , L QI



2.2.2. TILANEFDRMMIC)N EDFTWARE RDUTINES*—General Electric also dBVBIQpEd
and daliverad a data base trmsfarmnﬂan program that 18 capable of converting gridded
¥ source data as furnished by the DMAAC into a format suitable for processing by the .

-sensor simulation equipment, This software program was lmpiemented ofi the STARS

Sigma 6 domputer and can prnce;s any reglon of terrain within the centinental U,8, of
- one-degx’ea latitude by one-degree longitude in extent. This program accepts level 1
source data prepared by DMAAC on magneti¢ tape and creates a terrain model in
accordance with nperator apeelﬂed accuracy critaria based upon the rDughness of the
tgx‘raln. '

2.3 SKNSOR SIMULATION SYSTEM

The AHOSS systom-as devoloped by the Goneral Electric éompany is depicted in _
Flgure{l, .All scene goneration begins within the STARS Slgma 5 computer, passes
to the two PDP 11/45 computers, then to the special purpose hardware modules,
Onco the s;mginl hardware processing 18 nccomplished, a complete scene 1§ loaded
into-the scene memory and thon rocorded. on the video digk, When the video disk
ia fully lQndﬁﬂ with 600 framoes of video dut,a the video disk sequence is transferred
to a video tape unit where longer sequences are assembled, Playback in real time
from both the video disk and video tape {8 possible on a CRT which is‘also part of the
AEOSS system. Ad eanh scenc 18 generatod, It is also displayed on thggC‘RT to allow
~ n]mrntor vlewlnp; of Lﬂ(‘h fr.mm a8 the EBQLIEIICB ;] prepnrad
A i * }
2. l 1 .‘::bNEK) 1 SIMULATION %Ybl kM LQUIPMLNT@ﬁEquipment elements of tlﬂa
"design Lunﬂgur; tion fall into three major categories; AFHRL STARS facility equip-
-ment, General 1} uctrig designed equipment and, vendor equipment purchaaad by
Goneral k l(‘("h‘l( mmai.,g_g;grdtml into tht system, Major equipment units arfe shown in
F‘!guw 2, The relation of tth oquipment to thﬂ blARS Sigma 5 i8 described in the
followiny p 1%19,7' 1;‘)}1‘4 . ,
{ SR ‘ R
L3, STARS Sigma O b quijrm,nt.afl he Alr lurcu Human Résources Laboratary
L %IAHH l 1 llny vquinmr}nt available for thia progrm‘n consisted of a }{me Data Sys-
tem "’)lg‘n\(l HC (‘ntml Proceasing Unit (CPU), core memory, and numerous perlpherals -
controlled Vi 1a Multiplvting Input/Output Processor (MIOP), The CPU.and MIOP ,
ciach LUIIIE_HIJI)ILJLL with memory-on a private bus connected to both memory banks
through memory ports, The fastast port, usually referrved to as Port C, on Each bank
s connecte d to the CPLU; Thig port i8 presclected by a m;rnary bank when nc memory
eye fe'is in progress, thua creating a shorter selection intarval than can be achieved
‘hy other ports. A decond port, Port’3, gervices peripheral devices by means of the
MIOP. Port 13 his a hlghu priority than Pdrt C and will therefore be serviced first
Ina HiLngitluu where both memory pu;H are reguiving FEqULEtS for service.

Cor al devices by 1Ltivi1tu i one or more device controllers attached to its signal bus, =

_The MIOP provideg inde pendent control of datfi transfers between memory and periph-
This haste MIO P cont: 1ix[: 1p=ht subthg lllIlLZl’i each of whic‘h accommodates one device
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controller. The MIOP can control and,sequence the 170 operations of any numbcer of
its associated controllers simultancously, allowing the CPU to concentrate on program
execution, Any events which require CPU intervention are brought to the attention of

the CPU by means of the interrupt system. The maximum combined data transfer

rate.of all device controllers operating simultancously through one MIOP is approx-

imately 400,000 bytes per scecond,

In order to interface the PDP 11/45 computers described in paragraph 2,3.1,2 to the
existing STARS Sigma 5, additional cquipment was added to the STARS facility, This
additional equipment consisted of a second MIOP, three memory port expansion kits,
and two device subcontrollers. The additional MIQP was required due to the heavy
loading of the already existing MIOP., APFHRIL also expanded the Sigma 5 core mem-
ory; thus, the nced for three memory port expansion kits. Two device subcontrollers
were added so that the Slgma 5 could communieate directly with both of the PDP 11/45

computers,

2.3.1.2 PDP 11/45 Computers—"Two PDP 11745 computers were procured by Gen-

eral Electric to supplement the computational capability of the Sigma 5 and reduce the
per gcene processing time. Each computer of Figure 1 consists of a central processor
unit, a floating point processor, a DECwriter console, a pmgb:unnmr console, and n
1-level automatic priority interrupt, Computer A also has 64K of core memory, a

2.5 million byte disk cartridge drive and controller, a second disk drive with a non-
removable, dual density disk, a dual floppy disk, and a 9-track magnetic tape trans-
port and control unit, Computer I8 has 43K of core and a single loppy disk. The com-
plete configuration also includes seven (7) DRIF-B interface units configured as shown

in° Figure 1,

This minicomputer system is configured to allow direet communication between PDP
computery, with the Sigma 5 computer, and to all speeial purpose hardware modules,
A Sigma § independent operating mode is also possible wherein edge controls words

i 5 edge control word tape,

are recorded on magnetic tape by the Signra 5. The Sigm

unit and scenes can be penerated without direet interfacing with the Sigma 5,

2.3.1.3  speefal Purpose Logic and Recording Equipment=—"The speeiiad purpose logic
and recording equipment and its points ot interface to the PDP 115156 computers ave

Jdepicted in Figure 3. The computational functions implemented in special purpose

logic congist of the ordercer function, the video’assembler function, two video com-
biner functions, an cdge smoothing functios. and a sensor transter tunction,

The orderer logie orders the elpment numbers corresponding to the projected data

base edge intersections avith cach raster line into ascending numerical ovder. Up to

512 such lnterdectiond can be ovderved for each raster line,
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The video assembler logic receives the ordered edge intersections from the orderer
- logic, resolvés priority conflicts, and Gutputs only the edge intersections which are
‘visible within the scene. Prior to this point édge intersections observed by nearer

Ob_]ECtS must also be processed Note that two-dimensional, three-dimensional, and
fog edges are separately processed to this point, :

-

The video combiner logic combines first the two-dimensional and fog edges, then adds
the three dimensional edges, to end up with. a single tone for each picture element.
- Thus at this point a complete CIG type picture (without edge smoothing) has been
created. _

L]

If the system operator has selected edge smo_otlﬁgg, the raster lines and element num-
bers referred to in the preceding paragraphs are actually ""sublines" and ''subelements. "
That is, more raster lines and raster elements will have been computed than will ul-
timately be displayed. The edge smoothing logic accepts the data for the subelements
on sach 'subline (element number, tone, and delta tone) and generates smoothed
data , free of staircasing effects for those raster lines to be ultimately displayed. Up
to 16 sublines and subelements of smoothing can be specified by the operator.

5 _
The final stage of special logic is the éensor traﬁsfer fimc:tion logic which applies a

1st1cs of the part;cular sensor bemg almulated,, Tha tmal tone asmgned to each ele-
_ment is thus computed baséd upon a weighted average of the tone of.the element itself
"and the tones of up to 24 of its adjacent neighbors. Both the number of neighboring
elements to be considered and the weight assigned to each element tone is specified

by the operator. The operator can also specify the amount of sensor noise to be added
to the video. ’

At this point, one raster line of video is complete and it is then loaded into the scene ) _'

memory. The scene memory is a random-access semiconductor memory built by
National Semiconductor. This memory is cenfigured to store one complete frame
(scene) of 8-bit, digital video data consist}ing of up to 480 raster lines of 640 elements
per raster line. Thus, each picture element can be one of 256 grey shade levels.

Once a complete frame of video data has been written onto the scene memory, that
scene is recorded on the video disk recoérder and also displayed on the CRT. The
video disk recorder thus.accumulates consecutive frames of video data for subsequent
playback in real time. The video disk used in this system is an Ampex Model MD-400
which utilizes a dual surface disk. Up to 600 tracks of data can bzp recorded where
each track coincides with one frame of data. Playback at the standard TV rate of 30
frames/sec allows for upto a 20-second ri:al -time sequence to be recorded before re-
peating. Each successive frame of data is precisely positioned with respect to the
preceding frame such that a continuous sequence is perceived-upon playback. The
Ampex MD-400 can also display any single frame of data as a static scene from any
scene recorded on the disk. |

L7



- When dynamic. sequences longer-than 20 seconds are desired, such sequences are
accumulated from consecutive 20-second sequences on a video tape recorder. The :

video tape recorder is an Ampex Model VPR-1, The VPR-1 is a precision dévice

that allows near perfect matching of consecutive 'sequences to create longer sequences,

- Thus, any number’ (up to one hour of real-time vidgo) of 20-second sequences can be

~ transferred to the VPR-1 and ‘preeieely poeitiened with reepeet to t.he end of the last
-'ZD-minute eequenee )

‘The entire recording eéquenee from scene memory threugh the y1dee tape reeerder is
under the automatic fontrel of a special .controllar which receivas all its mode com=~

mands from the master PDP 11/45 computer. That is, no operato? control is requu'ed '
beyond an initial selection of the number of framee of dete to be recorded. :

2,3.2 SENSOR SIMULATIC)N SYSTEM DPERATIC)N=Preeeding paragraphs describe
the sensor simulation equipment configuration along with'a brief outline of the role of
each equipment unit. The-following paragraphs describe the detailed assignment of
computational functions to.the Sigma 5, the two PDP 11/45's and the special logic
medulee including typical data flow for generating a emgle fre.tne of video data.

2.3.2.1 Allocation of Funet;ene=ﬁ detailed description of the various eempute.tienel
functions which are performed is contained in the system and software report prepared ' -
by General Electric under this eentreet The various computational functions'are - '
grouped into-genera}.categories based upon the erganizatmn\ of real~time, visual com-
puter image generaﬂen systems designed by General Electric, plue an additional cat-
 egory related to airborne electro-optical . sensor simulation. Theee functional cate-
gories are labeled Frame [, II, III, .and IV for simplicity. Frame Ifunetiens are
 those functions which must be performed once per frame time, and account for the
scene-to-scene sensor motion and various .coordinate system rotation calculations,
Frame II functions are those calculations which are required to transform the numer-
ical description of the data base to a set of edgze control words which define the pro-
jection of the data base onto an Eneginary view window. Frame III includes all re-
maining functions which must be- performed to establish the color or gray shade of each
picture element in the scene. Primary Frame II functions are video eeeembly, video
.combining, data ordering, and edge smoothing, The Frame IV functions are those

\

unique to sensor simulation systems, and consist of the sensor tranefer func -on,

system noise, and related sensor system characteristica, With this eetegozwetien of
functions in mind the assignment of computational functions to the computational units

can now be deseribed.

To achieve the fastest peeeible per scene update rate consistent wlth a fully flexible
design and reasonable cost, the pipeline processing technique (ueeﬁ most effectively
in real-time simulation systems) was applied to the sensor simulation system design.
With the pipeline processing technique, the complete set of computations required to
develop a scene are assigned to separate, sequential processing units. Each scene is
partially processed by the first computational unit, then the partially processed scene

10
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~ data ie paeeed en te the next computational umt W’lrule ﬂ;%eéeond eomputatmnal unit
performs further processing on the first scene, the first campu‘te,tmnel unit begme )
praeeeeing the next scene, Any number of eequentlal praeeeemg units can be used,
_8subject only to the number of simple divisions which can be made_for the total scene’
_.computational task. For this sensor simulation system, two etege\s ‘of pipeline pro-
eeesing‘ were chosen with the first stage being the Sigma 5, and the two minicomputers
and special purpose logic eompriemg the second stage of processing, It should be
noted that the time to generate a single scene (and the first scene in a sequence of
scenes) is the total additive time of each processing stage.- Once the plpelme is filled
. (in this case it takes two consecutive scenes) however, a new domplete scene is ready
for display in the processing time of the slowest processing stage. The average scene - -
update rate for a largé number of sequential scenes therefﬂre appreeehee the t1me

&

used by the slowest etage of pipeline processing. : J

_In this system, all Frame I and Frame II fu:letiane are assigned to the Sigma 5 com-

f—' puter The emstmg Sigma programs were modified to provide more efficient ‘execu-
tion by setting up larger core buffers, utilizing double buffering techniques to reduce
disk accesses, and taking better advantage of scene statistics to niinintize running
time. The Frame Il and Frame IV functionsiwere divided between the special purpose
logic and the two PDP 11/45 computers. The offferer, video aeeembler/eembmer
and edge smoothing are Frame III functions assigned to hardware and the sensor noise
and sensor tranefer functions are Frame IV functions, also assigned to hardware.

This hardware augmenting of the PQP 11/45'5 was essential in order to achieve rea-
sonable scene update rates because of the time-consuming nature of these functions, .

It should be noted, however, that the flexibility of the simulation is maintained since
these funcfjiuns must be performed by any sensor simulation approach and the hard-
ware is dee;gned to be software prggremmable in terms of degree of smoothing, sen-,
sor transfer function, and amuunt of sensor noise. . . D

. It should also be nc:ted that the two PDP 1l/45‘ are configured to operate in parallel,
perferming exactly the same functions for diff¢rent raster lines. One PDP operates

“on even raster lines while the second PDP operatee on the odd raster lines. Thus,
both parjllel and pipeline proeeeemg techniques are utilized in this design. v

- 2.3.2.2 Data Fluw SetheqcesData flow through the system originates in the Slgma 5
computer. Prueeeeing begins with the reading and interpretation of the operator in-
puts whlehI define the parameters controlling the scene to be genereted The Frame I

: functiene‘ are then performed by three separate software routines. The first routine
generates the Scene Data Base file-using the Extended Data Base file and the control
parameters input by the operator. The Scene Data Base file contains information only

\ for that portion of the Extended Data Base file that is within thé field of view as defined
by the operator input data. The Extended Data Base file contains all the information
defining the complete gaming area data base as described in paragraph 2.2.1. As-the
‘Scene Data Base file is created, a list of the range from the selected viewpoint to each
face of each object in the scene data base is also created. For three~dimensional cul-
tural objects, the object centroid range is assigned to all faces of each object.

11 7
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.The next routine determmes the relative prloritjr of all the three-dimensional cultural,

ijects within the field of view. For priority purposes, a three-dimensional cultural

object is considered within the field of view if-amy portion of an encompassing sphere

is within the field of view, For this purpose bath‘an object centroid and object radius
‘~are defined as part of the Extended Data Base file. -

The final Frame I routine generates a combined face priority list for all terrain and
object.faces within the field of view. This is accomplished by modifying the face range
list generated earlier, such that the assigned range value for each three-dimensional
cultural object (and all its faces) varies inversely with its relative priority. That is,
the range values are forced to increase as relative priority decreases. In addition,
the range value for each terrain face is forced to be greater than the range to any thI;'EE
dimensional culfural objects that is superimposed on that terrain face, In this manne
a range list is created, for all faces witl:un the field of view, which varies mversely
with the priority of the face in the event of priority conflicts. Finally {fs range list
is ordered by increasing range to produce a unique priority number, based upon the
positlan in the ordered list, for each face in the scene. This priority list is retained
in memory for use by the Frame I rc:utines in constructing Edge Control Words.

-veIOpment of a new algorlth,m for t]:us program, The prevlous all software programs
operated on an object priority basis rather than a face priority b\gms For an object-
priority scheme to work, convex objects are required. Construction of convex objects
to define terrain from DMAAC source data is not practical with autornatic EthWare

-~ tec'hmques, thus, a new priority “fgn\ne was required.

Once the priority list for all faces is campletei the Sigma 5 begins to execute the
Frame II routines, These Frame II routines are the same routines imﬁlemented in
the all software model, except that the routines were modified to operate on a face

: priority basis rather than an object priority basis. The output format of the Edge Con-
trﬂl Words generated by the Frame II routines was also changed to be EQmpatlblE w1th
the 16-bit PDP 11/45 computers : :

The input to the Frame II routines is the Scene Data Base and face priority list de-
scribed earlier. In general, the Scene Data Base and priority list will remain the
same for several consecutive frames, when the viewpoint moves very little between -
frames. Thus, provisions are made to allow the operator to specify the number of
consecutive frames of Edge Control Words to be generated by Frame II before the
Frame I calculations are updated. At the same time, parameters such as viewpoint,
boresight, time of day, or any other control inputs can be specified to cha.l&ge at any

particular frame or at every frame.

The Frame II routines generate an Edge Control Word for each edge of each face in
the scene data base. These Edge Control Words consist of the projections of the data
bag%e edges to the image plane. Each edge is defined by the raster line and element

- . 12
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nuinber pairs at which its end point projections pierce the view plane, t.he slope of the
edge pro;ectiﬂn and various cher data including face tones| priority, etc.
All data files used mld created’by the Sigiina 5 Frame I and Frame bii routines are main-
" tained on the Sigma 5 disk. The Frame II Edge Control Word output file can be
~ written on magnetic tape for later input to the PDP 11/45'5 or sent directly to the
PDP's for Frame III processing. . :

" The Frame III processing in the PDP computers is started by initializing the control
parameters (from operator inputs) for the PDP edge generator routines and praviding
. Edge Control Word data, either directly from the Sigma 5 or from magnetic tape.
When the PDP 11/45's receive data directly from the Sigma §, the two PDP's work in
'parallel to produce adge crossing data for each of their respective raster lines. The
master PDP produces data for evén-numbered raster lines, while the slave computer
produces data for the odd-numbered raster lines, When Edge Control Word data is
received from magnetic tape, the mastér PDP reads the data“into its memory and then
shares the data with the slave computer as they prnduce edge crossings for their re=
spective raster lines. _ _ E 1
The output of both computers is directed to the orderer function at the bead of the -
hardware processor pipeline. The orderer logic alternately selects data from the two
" " PDP's, thereby gathering data for all raster lines in the proper sequence. Thus, the-
' two PDP computers accomplish the edge selection process, determine active edges
and compute edge data (element number, tone, and tone: -gradient) for each raster line
in turn. '

The orderer then arranges the edges in increasing elethent number sequence, and the
video assembler resolves priority conflicts and outputs only actually visible edges.

It provides for each, the element or subelement number at which the edge begins to
control the tones on the raster line, the tone at that element, and the-tonal gradient
continuing along the line. In this manner the scene is processed on a picture-element-
by -picture-element basis and assembled on a raster-line-by-raster-line basis. If edge
smoothing i8 being applied, the assembledraster lines (sublines) are passed to the

. edge smoothing logic, then passed to the ‘transfer function logic. The data from the
edge smoothing logic is the data for picture elements and raster lines to be displayed.
That is, the subelement and subline data have been used to generate smoothed data for
the output raster lines and the subelement and subline data are then discarded. The
#ita from the transfer function logic are output on a line-by-line basis, ready for
display.

From this point, the completed raster lines are written directly onto the scene mem-
_ory. The scene memory is configured to store a complete framé of data with 8 bits

of video per picture element. Complete frames are assembled on a raster-line by .

raster-line basis in the scene memory, then the entire frame is transferred to the -

L
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video disk. When the video disk is fully loaded with 600 frameé,af data, its contents
are transferred to the videa tape unit to create longer sequeneé_sj o
- As the Sigma 5 c:ompletés its pmcessing of the first scene, it immediately begins, to
process the next scene such that at any given 1nsts.n§g ti:ne two scenes are simul-
fanecusiyi:ﬁiﬁ“@rncessed in the serisor simulation system. While the Sigma 5 works
oh one. scene, the PDP's are processing the scene previously processed by the Sigma 5
“and providing edge crossing data to the special purpose hardware logic. Thus, the -
two PDP's operate in paralle] with qne another, while the Sigma 5, the parallel PDP's,
and the special purpose logic form a pipeline processor chalu each performing a por-

. tlon of the required scene processmg.

2.3.2.3 Software Das ign—The all software routines implemented on the AFH@JL
STARS facility under -an earlier contract, served as the basis for'the current sensor
simulation system software, These existing routines were reorganized in order to
optimize execution time. By taking advantage of scene statistics, the average execu-
tion time for a scene was. significantly improved, Since the algorithms were already
known to be mathematically correct, the majority of the software effort was directed
taward'achieving more efficient operation. Some new routines/algcrithms were de-
veloped to provide a face priority scheme and also to provide fading across individual
faces of selected three-dimensional objects, Minor changes were also required in
existing routines to accommodate the face priority approach. v

Sigma 5 software consists primarily of the previous Frame Iand Frame II software

- routines from the all software model. The Frame II routineshave double buffering - \
for all 1/0 operations such that software execution can proceed in parallel with the !
I/0 operations once they have been initiated. Since a significant portion. of the current
Frame I and Frame II time is consumed in I/O operations, significant speed-up of
executic»n time is achieved via this parallel organizatign

éAIl Sigma 5 sgftware routines are written in the Fc:rtran language with the exception
of special input/output routines which are written in assembly language. The deci-
gion to use Fortran was made to enhance the use and modification of the software by
the ugsers. Very little penalty in execution time resulted due to the efficiency of the
Sigjﬂa Fortran compiler. In the case of I/O routines, however, the standard Fortran
routines dre necessarily very general purpose in nature and thus not efficient in per—:

forming specific and limited I/O tasks. : v ﬁ P

The software routines implemented on the PDP computers consist of previously devel~
oped Frame-III edge gEnBrat;\l routines, Of course, specidl routines were required
to accommodate data exchanges between the Sigma and the PDP's, data output to the
speclal purpose hardware, alternate raster line processing by the two PDP's, and to
control the recording process,

14



As was the casc ‘with the Sigma software, all routines except special [/O routines,
were written in the Fortran language. Double buffering of data files at both the input
and the output of the PDP processmg wasg also employed in order to averlay I/0 time
with proceasing time, :

]

2.3.2.4 Hardware Design—The video disk, v1dea tape unit, :md the PDP computers ~—~

_ and peripherals are provided with their own enclosures by thc; equipment vendors,
Packaging of the CRT display, the scene memory and the special purpose hardware
logic was provided by General Electric, The CRT and scene memory are mounted
in one standard equipment rack and interfaced- to other equipment units via General
Electric.designed cables and interface logic.

An additional equipment rack is required for the special purpose logic designed by
General Electric. Design techniques;and packaging are based upon the General
Electric designs for real-time visual and radar simulation programs.

Phifsical and functional arrangement of the, special purpose hardware within the equip-
ment enclosures has been selected to meet the opjectives of high reliability, easy"
maintenance and maximum utilization of space. ‘The enclosures feature plug-in circuit
boards, hinged card file assemblies, power supplies, power control devices and cool-
ing air blowers., _ '

=,
=, A r=—
A3 £

Circuits used within the special purpose processing equipment are packaged on plug-
in boards. The boards are approximately 5.5'" X 9,75" in size with a design capaoity
‘of 40 integrated circuit devices and a 140 pin edge connector, of which 12 are pre-
assigned for ground and power, leaving 128 available for signals. Extraction devices
are provided on each board eliminating the need for special tools for insertion or
 removal. The circuit boards used are solderless wrapped boards of a universal de-
sign which lends itself to any circuit configuration by means.of its capability of being
solderless wrapped, either by machine or manually.
N :
The circuit boards are plugged into a card file Sssembly, commonly called a "8wing
frame' because it is hinged on one side for access to the backplane wiring, and such
devices that may be mqunted behind the swing frame, The swing frame is composed
*  of the circuit board gu,i’ées which assure proper line up of the boards and their corres-
ponding circuits; the backplane which contains all the circuit board connectors and
their inter&ongectians; and banks of cooling fans located top and bottom, to provide'a
continuous air flow during operation to all the circujt boards, :

The principal ‘part of the swing frame is the backplane, It is a two sided copper-clad
- epoxy glass laminate, which is precision machined to mount the board connectors and

interconnections devices with sufficient accuracy to permit automatic wrapping. One

side of the backplane serves as a power plane and the other as a ground plane. Power

' and ground ¢onnections are carried to all circuit boards by means of direct connec-
tions between board connectors and the planes. Power and ground is in turn carried

[—
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to the swing frame by a dual sct of flexible heavy duty .cables which are inserte d/
bolted io the backplane. Sign nals are carried to and from the lmckamu with
zero-ihsertion force, lever actuated 96 pin commectors that are solderless wrapped to
the circuit board connectors

t4

A cacrdmatg syﬁtcm of row and column (1(;51;2,’11;1&113 is uscd to identify each card slot;
such information is prominently displayed on the face of the swing frame, ‘To assist
in properly inserting the circuit boards, decals are mounted on the faco ot the swing
frame that list the eircuit board slot and bhoard uantthfiltlon code. The board identl-.

fication code is printed on the ¢jector and thus is Leachly visible on all boards whother

mounted or unmounted.

E
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The enclosure used will accommodate up to twe swing frames. The arrangement is:
such that full access to any circuit board is possible by opening the enclosure door.
Filtered cooling air is drawn in through intakes located in the lower portion of the en-

“closure and discharged through perforated panels in the top, thus maintaining a posi-

tive pressure during equipment opcf?*ltion and minimizing dust accumulation within,
Standard 120 volt, 60 cycle power is the only facility power utilized as logic pnwt r

supplies arc contained in the equipment rack. | , —
3.0  RESULTS AND CONCLYSIONS , Y

_ ' )
3.1 RESULTS | /

The results of this program cuan-best be measured interms of how well the objectives
at the program outset are met by the system delivered. The objective was to develop
and deliver a fast; nomv.ll time sensor simulation imape generation system with u'dlh
time dyna,mic playback capability to he usable by AFHRL as a research tool. lh\‘—'%v‘%e
tem was also to rctain maximum flexibility to evaluate different alporithms, and pro-

~vide the ‘capability to create and recor d dymm\u sequences for pl*wh wek in real time,

ERIC

Aruitoxt provided by Eic:

In terms of these general objectives the pu&g ram is «an unqualified success, I{("i%ultdsf_;'
obtained during the test and evaluation phase have proven the tlexibility of the system.
The programmability of the functions implomented in hardware allows great Latitude
in evaluating different seusor characteristics and different edge smoothing implemen-
tations. ‘The operator input parameters allow setup of any scene parameters desired
and permit unconstrained selection of viewpoints wnhm the data basey  In addition, the
dpablllty is pravnded to bypass the hardware Jl;,(ullhnm and replace those functions
with any desired software algorithm, should even greater algorithm fle xibility be

d(} si I'E— d
w o
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Dyn*u‘nic sequences have been wcul(lud which demonstrate Hw ability ol tl\ By qu m. to
create long dynamic sequences for playback in real time.  Both the quality ol the in-
“dividual frames of video and the quality of the overall sequences have proven satisfao-
tpr‘y for meeting, the program Dh_pg;givc.,l; . '
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Eaafj‘,i'[uﬁ" time requived to generate complex gcenes with bigh order tranater tunctions has

O
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generation time {8 now completely mdependent of the transter function applied,

boen reduced by a factor of between sixty to one and ninety to ond, depending upon the

Ccomplexity of the selected sgene, when compared to the all software mogdel,  The time

penidty paid tor high ordw edpe smoothideg has also been vreatly reduced. 1t should

be noted, however, that for a piven scenee the seene pencration time is dipectly re-
. . - e
Jated to the ovder of edee smoothing f:%i,‘ll,f(,‘tt‘(l.i It should also be noted that the seene

¢ 3

In spite of the tremendous reduction in the time required to generate o tranmie of video,
the specific design gonl of 10 sceonds or less for seleceted compley seenes was ot
reached. . While many reasonably complex sceenes can be penerated in less than 10

secomds, an average’scene generation o for scetes troptithe delivered dati base is

;*1‘(;!):1?)1_\‘ closcer to 20 secomia,

In the coarly test and evaluation phase, scene peneriation tiimes ot u;x to several minutes
wers not uncommon,  This Ted to an evaluation ol where time was lost and how faster
secte peneration times conld besehieved, The somewhat surprising result of this
cyaluation \\'ii.‘%,.rl}};lt the muaior tetor pacing seene generation time was the size of the
core gnemory datd butle s an the 5w o cod PDP computers, That s, the caleula-
tion timme invoks od wias ad o sistactory level and 1O trimster t‘ilm‘ wias not 4 major
tactor, The real problem was the Farge number of data aceesses required for com -
ple seenes due to the size o the core memory bulfers in relationship to the total data
respaired to penerate oocor ples scene, 10 wis not that the butfers were small, but
vather that the Qi requrecifonts por scele were enotnious, onee the problenm was
i-m»l:ltml_ the obivious solulion wis to crente l;n‘;;uﬁr’Mllh!r«; l'nluf%uunh-ly all php
core memory was alrese v alboeated to butters and program -:%ihu‘;lp‘vi Thus, it
wais necesatiiey o oondd addirional core o memaory to the PO contipuration, By :lfl}ilng

one sndditional Tol core memory aondile to one of the PO computers and allomiting all

3

col the addittonal core to_the odpe control word hulters, afour-to-one reduction in seene

poneration tme was achieved tor sclesged complex scenes,  Alloeation of additional
St o ocore to the sensor somudation I:l\:L altbo resulted i magor specd-ups, While
sceneseneration time with

it would he pas=ible to aohiove sl tuethey redactions in

Sl Brrper butfers o the practionl Tront hasi\been vee - Use nlibnmif’v S core
would l‘“l‘ljt}'\&'l\‘ Climinate Wl other Sipn processing tasks when the sensor simula -
Progiesy stern iastn operation, Additton of more PDP core to the dvstem would requinre
more coredor borth PO contputers wnd vesalt i magor chappes in the PR contigura
Lon Lo acednmodate the wldittomad core,  dhe cureent seene gencration thne is not
unreasoniable for even the comples seenes uud tor the leds complex scenes, no redae-
fion 1o scene soneration tre o would result Treass the use ol irper L}k‘lll'l'l"."i i oany v\,’vn!.'::" .

k

e suntinaary b nenor program obagectives with the exception of the scene peneration
; ! I )

trine wert tully met by the systens, Phe Touger speeglic seene peneration timesdoes
noed detract trog the overadl Systens tnoge penceation pectormanee, but gimply requires

miore e for the peneration of evahlion sceene:s,
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It-is rcmmmendgd that future similar programs planned for,heavy usige and requir-
i exte AN The AFHRL

IAR% tlulxtx 15 n-qun‘ml to support a large numlml of simulation activitics. When
it requires such a large share th the

' Wwive computer resources he configured as stand-alone systems,

tlm Sensor Simulation System is in operation,
STARS resourcees that efficient operation of other simulation programs is precluded,.
- . 1 .

A stand-alone sensor simulation system would ui{hu r require morce computing equip-
ment at a higher cost, or regaire more time on a per-scene basis, If the slower
per-sceng a(-mnput*ninn time 18 acceptable, given the full-time availability of a stand-
cm, then a stand=alone system would actually be a lower cost system,

seene time goals be considered essential, -the higher cost of the
For

.'1lm1e- [
%lmul(i thv%‘a ame per
required general purpose comput; ttional equipnient could still be partially offset.
the cost of intograting the STARS cquipment and the sensor simulation
‘This would save both manpower and vqmpmumt
* by climination of at

t-vlmplv
cquipment \multl not be incurred,
LIt is also expectedithat operating costs would be lower

Losts,
S TANRS operation,

!E‘itﬁt .‘ﬁl'l!il,; ol the requirenients for premium time s

s

\\u[t- that this ro commendation & hn}xld be considered only when e lhtln)_, ul’n]mtdtmndl-

5 heavily utilized or when the new program being planned will require ex-

-§t4 11%1\1 pesources and usape of the existing equipment, +
g * &

It !".711‘1() recommended that a tull complement of development peripherals be included

‘!C.nh any yeneral purpose computer system included in future simulation programs.

should such systems be contipured as st md-alone systems, this is nmmiﬂtm‘ ven

system is integrated with an existing gumputdtlmml *ﬁvatcﬁl which mclu(k:
any additional general purp(mu computing equip-
diagnostics, and

when such a
development peripherals, however,
ment should uiclude development peripherals to support operation,

modifications to the system,  The additional cost of such peripherals will be largely

recove roed through more efficient system operation. .

For any computational system involving Lirge quantities of data where data thrd\fx_ghs
put is an important consideration, provisions must be made for large, high-speed

1 such applications, data aceess time due to insuftficient bultering can
W hilv ¢ umput,itmm il speed and etficiency
of data and repetitive caleula-

diata butters, ,
often be amajor twetor medata theduphput,
- are the most important tactors,, when sofall g Fntxtu”
data qecess becomes equally important when large quantities of

tions are involved,
in an effort to mini-

g

In such eases the use of small buffers,

data sire also involved,
should be implemented only when cost is the'

mizethe cost of the computer Systen,

overriding consideration,
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